Cell immobilization is an alternative to microencapsulation for the maintenance of cells in a liquid medium. However, artificial immobilization carriers are expensive and pose a high safety risk. This study aimed to evaluate the potential of okara, a food-grade byproduct from soymilk production, as a natural immobilizer for L. plantarum 70810 cells. The study also aimed to evaluate the effects of okara-immobilized L. plantarum 70810 cells on soymilk fermentation, glucosidic isoflavone bioconversion, and cell resistance to gastrointestinal (GI) stress. Scanning electron microscopy revealed that the lactobacilli 12 Abstract:
INTRODUCTION

33
Developing novel foods containing probiotics has attracted increasing interest in recent 34 years. The Food and Agriculture Organization and World Health Organization defined probiotics 35 as "live microorganisms which when administered in adequate amounts confer a health benefit to 36 the host." Lactobacillus and Bifidobacterium, originally isolated from the human intestine, are 37 the most widely used probiotics. Probiotics provide many health benefits, such as prevention of 38 pathogenic infections, maintenance of intestinal microbial homeostasis, alleviation of lactose 39 intolerance, enhancement of immune response, stabilization of gastrointestinal (GI) barrier 40 function, and production of anti-mutagenic and anti-carcinogenic compounds (Choi and Probiotics must contain a sufficient amount of live bacteria (at least 10 6 -10 7 CFU/g) to 44 deliver health benefits (Boylston and Vinderola et al., 2004 ). Probiotics do not always survive 45 under the acidic conditions of the upper GI tract to proliferate in the intestine. Several methods 46 have been proposed to improve the viability of probiotics, and cell immobilization appears to be 47 the most promising among these methods (Cai and . Cell shedding from okara was performed with 126 an ultrasonic cleaner (YQ-520C, Shanghai Yijing Ultrasonic Instrument Co., Ltd., China) under 127 an ultrasound power of 160 W for 10 min at initial temperature of 20 °C. The samples were 128 diluted (10 −1 -10 −6 ) with sterile saline solution (0.85% NaCl, w/v), and a 100 μL sample was 129 dropped onto MRS agar plates. Individual colonies were counted after 48 h of incubation at 37 130°C. Viable cell counts were calculated as log colony-forming units per gram (log CFU/g).
Analysis of Microbial Growth Kinetics of L. plantarum 70810 in Soymilk
132
The microbial growth kinetics of FL or IL in soymilk was calculated using a modified 133 Gompertz equation (Zwietering and Jongenburger et al., 1990) : Isoflavone extraction from fermented and unfermented soymilk was performed as previously 148 described with some modifications (Wei and Chen et al., 2007) . Soymilk (10 mL) was dried with 149 a vacuum freeze dryer (SJIA-10N, Ningbo YinZhou Sjia Lab Equipment Co., Ltd., China). Dried 150 samples were mixed with 80 mL of 80% methanol, stirred at 60 °C for 1 h, and then filtered with 151 a Whatman No. 1 filter. The filtrate was dried in a rotary evaporator, redissolved in 50% 152 methanol, and then extracted with 20 mL of n-hexane. All samples were condensed to 153 approximately 1 mL, redissolved in 80% methanol to a final volume of 10 mL, and then passed 154 through a 0.45 μm filter for HPLC analysis.
155
The HPLC system is composed of a detector (UV-2070, Japan), a pump (PU-2089, Japan), 156 and a C18 packed column (Vydac 218TP54, 4.6 mm× 250 mm, 5 μm Spherical, Grace Vydac, 157 Hesperia, CA, USA). Solvent A was acetonitrile, and solvent B was water containing 1% 158 trifluoroacetic acid (v/v). The flow rate was set to 0.8 ml/min, and an UV-Vis detector was set at 159 260 nm. A gradient solvent system was applied after injecting 20 μL of the sample into the 160 HPLC system. At 0-6 min, solvent A increased from 10% to 20% while solvent B decreased 161 from 90% to 80%. At 6-30 min, solvent A increased from 20% to 40% while solvent B 162 decreased from 80% to 60%. At 30-35 min, solvent A decreased from 40% to 10% while solvent 163 B increased from 60% to 90%. 
173
To test GI stress resistance, 1 mL of fermented soymilk containing FL or IL (cell counts 174 adjusted to approximately 9 log CFU/g) was incubated in the prepared acidic MRS broth, 175 simulated gastric juices, pancreatic juices, and bile salt solution for 1 or 3 h at 37 °C. Survival 176 was evaluated by plate count on MRS agar.
Statistical Analysis
178
All treatments were performed in triplicate, and data were expressed as means±SD. Data 179 were analyzed with general linear model procedures and Duncan's new multiple range tests for 180 comparison of means by SPSS Inc. software (version 15.0) (Chicago, Ill., U.S.A.) for Windows. 181 A probability of less than 5% (p ≤ 0.05) was considered statistically significant.
RESULTS AND DISCUSSION
184 Scanning Electron Microscopy (SEM) 185 219 inoculated with IL attained a TA of 50% in 6 h, whereas soymilk inoculated with FL attained a 220 TA of 50% in 8 h (Fig. 3B) . These results agreed with those reported by Kourkoutas et 2010), who found that 224 immobilized lactobacilli show significantly better growth (P <0.05) compared with free 225 lactobacilli and that growth is accompanied by a higher production of lactic and acetic acids in 226 soymilk, resulting in a lower final pH.
227
The viscosity of soymilk inoculated with IL increased significantly faster than that of 228 soymilk inoculated with FL (Fig. 3C ). This finding might be due to IL's higher growth rate and 229 higher substrate utilization than FL, leading to the increased production of organic acids (lactic 230 acid, acetic acid, and other organic acids), which decreased the pH of soymilk of soymilk was 
Isoflavone Compositions in Fermented Soymilk
234
Soybean is rich in isoflavones, which exhibit weak estrogen activity, act as antioxidants, 235 prevent osteoporosis and cancer, reduce total cholesterol, delay menopause, and provide other 236 health benefits (Chang and Nair, 1995) . Aglycones and the glucosidic conjugates are the basic 237 categories of isoflavones. In unfermented soybean products, daidzin and genistin are the main 238 glucosidic isoflavones, which comprise 80%-95% of total isoflavones, and daidzein and 
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To compare the effect of FL and IL on the bioconversion of daidzin and genistin, the 246 amounts of four major forms of isoflavones, daidzin, genistin, daidzein, and genistein in 247 unfermented and fermented soymilk were analyzed. As shown in Table 2 , the daidzin and 248 genistin contents in unfermented soymilk up to 37.91% and 55.82% of the total four isoflavones, 249 respectively. However, the daidzein and genistein contents were only 2.62% and 3.68% of the 250 total four isoflavones, respectively. Soymilk fermented with FL and IL exhibited a drastic 251 reduction in daidzin and genistin contents and a drastic increase in daidzein and genistein 252 contents. The daidzin and genistin contents in soymilk fermented with FL decreased to 29.05% 253 and 43.76% after 4 h of incubation and to 13.92% and 21.63% after 8 h of incubation. The 254 daidzin and genistin contents decreased to 22.05% and 30.57% after 4 h of incubation and to 255 6.62% and 7.82% after 8 h of incubation in soymilk fermented with IL. The daidzein and 256 genistein contents in soymilk fermented with FL increased to 11.60% and 15.59% after 4 h of 257 incubation and to 26.72% and 37.72% after 8 h of incubation, whereas those in soymilk 258 fermented with IL increased to 18.23% and 29.15% after 4 h of incubation and to 35.29% and 259 50.27% after 8 h of incubation. These results indicated that fermentation of soymilk by IL caused 260 a faster reduction in daidzin and genistin contents and a faster increase in their respective 261 aglycones compared with FL. This difference might be attributed to the faster growth rate in 262 soymilk of IL compared with FL.
GI Stress Tolerance Tests
264
To estimate cell tolerance to the GI tract, fermented soymilk containing either FL or IL 265 was exposed to in vitro conditions simulating acidic environment, gastric and pancreatic juices, 266 and bile salts; the results are summarized in Tables 3-5. The initial number of colonies used for 267 these tests was estimated at 10 9 CFU/ml. The log CFU/mL values of soymilk containing FL or IL 268 used to test for low pH tolerance were 9.06±0.18 and 9.14±0.18, respectively. The log CFU/mL 269 values of soymilk containing FL or IL used to test for tolerance to simulated gastric juice, 270 pancreatic juice, and bile salts were 9.05±0.19 and 9.16±0.21, respectively. These values did not 271 differ significantly.
272
Acid tolerance for probiotics is essential not only for resistance to gastric stress, but it 273 is also a prerequisite in the production of acidic probiotic food products. The buffering capacity 274 of the food, which is a major factor affecting pH, and the rate of gastric emptying may 275 significantly influence cell survival in the GI tract (Kourkoutas and Xolias et al., 2005; 276 Kourkoutas and Bosnea et al., 2006) . Gastric juice pH is one of the main factors determining the 277 survival of probiotic bacteria when passing through the stomach to the intestine. As shown in 278 Table 3 , the number of viable cells significantly reduced after 1 and 3 h at pH 3.5 and after 1 h 279 at pH 2.5, but no significant difference in viable cell count was observed between soymilk 280 containing FL and IL. When the incubation time was prolonged to 3 h at pH 2.5, cells in soymilk 281 containing IL showed a significantly higher survival level compared with the cells in soymilk 282 containing FL. The number of viable cells drastically reduced in soymilk containing FL or IL 283 when the pH of the MRS broth decreased to 1.5 to simulate the extreme pH conditions of the 284 stomach. However, IL in soymilk exhibited a significantly higher viability compared with FL in 285 soymilk. The number of viable cells in soymilk containing FL decreased by 2.43 and 4.26 log 286 cycles after 1 and 3 h, respectively, whereas the number of viable cells in soymilk containing IL 287 decreased by 1.77 and 2.93 log cycles after 1 and 3 h, respectively. IL in soymilk also had a 288 significantly higher final viable count than FL in soymilk. Tolerance to upper GI transit was also 289 predicted with simulated gastric juice (pH 1.5). Table 4 shows that the viable cell number of FL 290 in soymilk was reduced by 2.44 and 4.30 log cycles after incubation for 1 and 3 h in simulated 291 gastric juice, whereas the number of viable cells in soymilk containing IL at the both time points 292 was reduced by only 1.99 and 3.15 log cycles. IL in soymilk also showed significantly higher 293 cell survival rates. These results coincided with those obtained from MRS broth with pH 1.5, 294 indicating that pH is the main factor affecting probiotics survival in the stomach. Our results also 295 agreed with other studies. Sidira et al. (2010) reported that acidic conditions significantly reduce 296 the number of both free and immobilized L. casei ATCC 393 cells. However, the count number 297 of immobilized cells is significantly higher than free cells after 120 min at pH 2.0 and after 30, 298 60, 90, and 120 min at pH 1.5. Mokarram et al. (2009) showed that cell viability is reduced by 3 299 log cycles when calcium alginate capsules containing L. acidophilus are incubated in simulated 300 gastric juice (pH 1.5), whereas coating the capsules with 1 or 2 layers of sodium alginate 301 improves cell survival by 1 and 2 log cycles, respectively. Laelorspoen et al. (2014) incubated 302 cells encapsulated in alginate and citric acid-modified zein coating in gastric fluid (pH 1.2) at 37 303°C for 2 h and obtained cell counts of 7.14 log CFU/mL compared with 4.52 log CFU/mL for 304 free-cell suspensions. Fijałkowski et al. (2015) found that the viability of Lactobacillus cells 305 adsorbed on or entrapped in bacterial cellulose incubated in simulated gastric juices for 4 h is 306 significantly higher than that of free cells, particularly for Lactobacillus cells entrapped in 307 bacterial cellulose showed a viability more than 70% compared with less than 10% for free cells.
308
We also studied the survival of FL and IL in soymilk in simulated pancreatic juice. Our 309 results showed that pancreatic juice significantly reduced the survival of both FL and IL. The 310 number of viable cells in soymilk containing IL was significantly higher at both time points 311 compared with that in soymilk containing FL. This result differed from those reported by Sidira 312 et al. (2010) , who found that pancreatic juice exerts no effect on the survival of immobilized L. 313 case ATCC399 but significantly affects the viability of free L. case ATCC399. This result might 314 be attributed to the use of different strains or support materials.
315
Our work also assessed bile salt tolerance. As shown in Table. 5, 0.1% bile salt exerted no 316 significant effect on the survival of FL or IL in soymilk. When the concentration of bile salt 317 increased to 0.2% and 0.3%, the survival of FL or IL in soymilk significantly decreased. 318 However, IL showed a significantly higher number of viable cells compared with FL. These 319 results were in line with the observations of Sidira et al. (2010) . In their study, the viable cell 320 count of L. case ATCC399 immobilized in apple pieces decreased from 9.30 log CFU/mL to 321 6.23 log CFU/mL after 4 h of incubation in 1% bile salt solution, whereas the viable cell count of 322 free L. case ATCC399 decreased from 9.16 log CFU/mL to 3.66 log CFU/mL. This result might 323 be due to the improved bile salt tolerance conferred by fiber (Michida and 
